the main focus of the subsequent discussions. Taking into account most recent developments, a more specific analysis will then be delivered in sub-sections 7.1 to 7.3. This will provide the basis for summarizing conclusions (section 8).
As in the previous parts, recent developments occurring after completion of Parts IV up until the final editorial deadline will be addressed in a sequel.
DISCUSSION
Spurred by novel scientific advances and case law, the implications and applications of modern biotechnology continue to be at the centre of public debate on both sides of the Atlantic. As noted above, these discussions are particularly fierce over the question of whether it should be possible to patent the results of biotechnological research. In particular, product patents on DNA and protein sequences, whose functions have not been fully understood, are heavily disputed. Moreover, there is a long-standing debate in both Europe and the US concerning the patent-eligibility of inventions based on the methodical use of information, such as claims on computer-and software-related technology, or claims on the methodical use of biological phenomena and information, such as information encoded by DNA through the genetic code. Recent advances in personalized medicine and accompanying case-law developments merge these areas of patent-eligibility debate, rendering them highly significant in practice. Accordingly, they present an ideal testing ground for the development of a modern patent-eligibility doctrine. Discussing these issues, which might also properly be referred to as patent law's problem children, 14 is an inherently complex and multifaceted endeavour. Any legislative or policy choices or positions require a balancing act that involves additional consideration of further patentability requirements during patent prosecution and litigation, as well as scientific, historical, political, religious, ethical and economic facts or arguments. When discussing these recent patent-eligibility developments it is important to acknowledge this complexity and be aware of the fact that a perfect legislative or judicial solution is probably impossible to agree on. It therefore seems appropriate to start by briefly sketching out the different levels of debate in order to clarify the main focus of the principal discussion.
Considering the often very emotionally charged debate over DNA and proteinrelated patenting, basically two diametrically conflicting schools of thought can be identified. Some people believe, for numerous ethical, scientific or religious reasons, that DNA, and in particular, human DNA, is much more than a mere chemical structure. They believe that any form of patenting of DNA, or of the natural processes involving it, is utterly wrong, since any DNA and the information it contains is the embodiment of the code of life. This view emphasizes that DNA is a 'product of nature' whose functions depend on 'processes of nature', and that it should therefore be regarded as part of the common heritage of mankind. 15 Some patent opponents go even further and argue for a complete prohibition of patents on proteins. Others, in particular the life science industry, argue that DNA and proteins are simply chemical compounds, albeit complex ones. They assert that it should be possible in principle to grant patents on isolated DNA sequences and the proteins that are encoded by it. In the past, US and European patent authorities have generally followed this line of thinking. Thus, the grant of patents on DNA-related technology became routine. It is this precedential doctrine that was defended by Judge Lourie in Myriad I and II for both cDNA and isolated genomic DNA, while Judge Moore expressed doubts in the case of genomic DNA and Judge Bryson directly opposed any patentability for isolated genomic DNA. It appears extremely difficultif not impossible -to find a compromise between these fundamentally diverging views, which are bogged down in their own logic. 16 Yet, it is also important to realize that the Judges' opinions on the product and method patents seem to have been very much influenced by a third area of debate. That focuses on the fierce discussions among those who principally support patents on DNA-related technology yet have concerns over particular threshold requirements for granting such patents, the appropriate scope/form of their protection, and their exclusionary effects. Among other things, they fear that excessively lenient standards for the grant of overly broad patent rights at a too early stage of development might have deleterious effects on beneficial research and downstream product development. 17 In the following concluding discussion we will predominately address this third area of debate.
The importance of a better articulated pre-emption standard
Turning first to the patent-eligibility assessment biotechnological method claims, it is clear that the earlier Federal Circuit decisions that were rendered before the Supreme Court handed down its much criticized Prometheus ruling required a much more specific articulation of the limits of method and process claims in biotechnology and in particular DNA-and protein-related storage mechanisms of biological information. As demonstrated by our previous analysis of the abovementioned Federal Circuit decisions in Myriad, Prometheus and Classen, Rev. 295 (warning 'Without more compelling evidence of an overwhelming negative impact in contexts that are critical to the public good, there is no adequate justification for rushing into a radical legislative fix that might have substantial … negative consequences' The underlying problem was that the Supreme Court in Bilski v Kappos merely confirmed old patent-eligibility precedent using the same linguistic rubrics and thus essentially reset the focus of the patent-eligibility assessment to where the patent-eligibility doctrine stood before In re Bilski was decided. 20 Consequently, the essential question remained whether or not the patent claims encompass a 'fundamental principle', such as principles of nature, natural phenomena, abstract ideas or mental processes. 21 However, in deciding the case rather narrowly, the Supreme Court unfortunately gave insufficient direction concerning the crucial determination of whether a patent claims a fundamental principle or precisely the boundary lines between principle and method.
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More specifically, the Court gave no proper hint regarding the central question of how exactly to proceed where the claim is asserted to be a fundamental principle in the form of a biological natural phenomenon, such as natural relationships claimed in diagnostic patents or product patents on isolated genes, and what exactly it entailed for a patent claim to pre-empt such a phenomenon. 23 While the majority of the US Supreme Court held the business method patent at issue to be unpatentable as claiming an 'abstract idea', 24 directing attention to these substantive criteria for patentability, the language of § 101 makes clear that the categories of patent-eligible subject matter are no more than a "coarse eligibility filter." … In other words, the expansive categoriesprocess, machine, article of manufacture, and composition of matter -are certainly not substitutes for the substantive patentability requirements set forth in § 102, § 103 and § 112 and invoked expressly by § 101 itself') (citations omitted). Cf Kane, infra n 77, at 102. 20. Since the Supreme Court stressed the effect of other patentability criteria and affirmed the Federal Circuit's abrogation of State Street, it may, however, also be argued that what constitutes an unpatentable abstract idea. Indeed, the Court does not even explain if it is using the machine-or-transformation criteria. The Court essentially asserts its conclusion that petitioners' application claims an abstract idea. This mode of analysis (or lack thereof) may have led to the correct outcome in this case, but it also means that the Court's musings on the issue stand for very little').
'abstract idea', 26 a problem which parallels the European debate over the meaning of the 'as such' provision in EPC Article 52(3).
27
As discussed in the previous parts of this article, one group of Federal Circuit judges interpreted the US Supreme Court decisions in Benson 28 and Flook 29 as comprising a wide-ranging bar to patenting abstract ideas or algorithms. Referring to Benson they emphasized that a claim is invalid if it would 'wholly pre-empt the mathematical formula and in practical effect would be a patent on the algorithm itself', 30 and referring to Flook they generally stressed that 'limiting an abstract idea to one field of use … does not make the concept patentable'.
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The other faction of Federal Circuit judges followed a very narrow interpretation of the exclusion from patent-eligibility of fundamental principles and applied it only to completely 'abstract' ideas. As long as the idea or formula is claimed in the form of a practical application, they considered it to be patentable. Notwithstanding Benson and Flook, the Federal Circuit Court of Appeals has followed the approach of In re Alappat 32 where it held that a 'useful, concrete, and tangible result' is sufficient to qualify for patent-eligibility. This approach was also followed in State Street, 33 where the court established a low water mark for the patent-eligibility requirement and found that 'a practical application of a mathematical algorithm' is sufficient to establish patenteligibility. As articulated in Diehr, the rationale for this approach was that a substantive objection to patenting of ideas 'if carried to its extreme, makes all inventions unpatentable because all inventions can be reduced to underlying principles of nature which, once known, make their implementation obvious.'
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The divergent post-Bilski decisions of the Federal Circuit described in the previous parts of this paper, such as Myriad I, Prometheus and Classen in the biotechnological field, as well as Cybersource, Ultramercial v Hulu, and Dealertrack v Huber concerning computer-aided methods, reflected these diverging opinions and demonstrated how this split had led to different results in arguably similar cases. As a result, the patenteligibility doctrine had become 'as clear as mud'. Moreover, due to the general technical neutrality of patent law this morass threatened, and in many respects -as 26 Standing on shaky ground 123 discussed in the previous issues by our Prometheus and Myriad II case reviews -still threatens to engulf a wide area of different technologies.
Since 20 March 2012 this morass has had to be navigated through by taking into account the much criticized, rather ambivalent guidelines provided by the Supreme Court in Mayo v Prometheus. In a somewhat surprisingly, unanimous decision, the Court held that the claims in Mayo Collaborative Services v Prometheus Laboratories, Inc. effectively claim a law of nature and are not patent-eligible under 35 U.S.C. § 101. 35 As discussed in the previous issues of this journal, the decision is based upon a comprehensive assessment of Prometheus' claims in light of the Court's precedents. The Court reiterated the traditional 'laws of nature, natural phenomena, and abstract ideas exceptions' to categories of patent-eligible subject matter under 35 U.S.C. § 101 as set forth by the US Supreme Court in inter alia Bilski, Chakrabarty, Flook and Diehr. The Court also addressed the 'machine-or-transformation' test considered in Bilski and confirms once more that it remains an 'important and useful clue' to patentability, but that it does not supersede the 'law of nature' exclusion. The Court underlined that a claim that is directed to a law of nature or natural correlation, with additional steps that involve well-understood, routine, conventional activity previously engaged in by researchers in the field is not patent-eligible, regardless of whether the steps result in a transformation (an issue that would of course also be significant in the obviousness assessment). On the contrary, the Court explained, a claimed process including not only a law of nature, such as the fact that hot air promotes ignition, but also several unconventional steps, such as involving a blast furnace, might still be patent-eligible, if it confines the claims to a particular, useful application of the principle.
Turning to the facts of the case, the Supreme Court held that since the laws of nature recited by Prometheus' patent claims -that is, the correlations between concentrations of certain metabolites in the blood and the likelihood that a thiopurine drug dosage will be ineffective or harmful -are not themselves patent-eligible, the claimed processes are likewise not patent-eligible unless they have additional features that provide practical evidence that the processes are true applications of those laws instead of rather being drafting efforts designed to monopolize the correlations. The Court also found that while the additional steps recited in the claimed processes in this case cannot be considered to be natural laws as such, the patent applicant would have been required to add more in order to transform the nature of the claims.
The Court has thus clarified that in order to transform an unpatentable law of nature into a patent-eligible application of such a law, it is not sufficient to simply state the law of nature and then add the phrase 'apply it'. Essentially, appending conventional steps specified at a high level of generality, to laws of nature, natural phenomena, and abstract ideas cannot render those laws, phenomena, and ideas patent-eligible. 36 Arriving at a debatable conclusion with regard to the particular claims at issue, the Court's approach appears to place more emphasis on the confinements of the claims and their pre-emptive effects. However, the decision also illustrates the dilemma found in the fact that the terms 'abstract idea' and 'natural phenomenon' are themselves general and very elusive and that they are therefore not always helpful to assess 35 For example, LabCorp was a relatively simple application of personalized medicine. It involved one biomarker and a reasonably straightforward correlation for treatment. In contrast, most personalized-medicine diagnostics are developed using whole genome expression or sequencing arrays to identify hundreds or even thousands of biomarkers that can be used to diagnose a specific disease state. The machine learning algorithms used to identify these markers do not operate on statistical concepts as simple as linear correlation, which for some of us is complicated enough. Machine learning algorithms employ statistical models to identify different combinations or 'patterns' of markers that correlate with a specific disease state. Usually these markers are selected and statistically modeled to compensate for human genetic and environmental variation. Thus, most personalized-medicine programs are tremendously complex compared even to logistic regression and other simple forms of statistical analysis. They are not simply a reflection of a natural phenomenon; they are an interpretive model of nature. Nor are they analogous to or preemptive of human thought.
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To us it appears inappropriate to invalidate claims on such inventions simply on the ground that they are patent-ineligible claims on natural phenomena, abstract ideas or mental steps, without a careful consideration of the claimed subject matter as a whole and in a wider context. Similar arguments could be made for claims involving complex applications of computer programs. 38 At least so far, the view of Judge Rader, as expressed in for example Ultramercial and his unwillingness to invalidate such claims as being directed to 'abstract ideas' seems to be the correct approach. 39 We infer this also to be the Computer programs, therefore, cannot be rendered patentable by limiting their application to a particular field of use. This sequence contains a number of logical errors. Computer programs may be expressed in a language that looks like math, and some do involve calculations, but they are not necessarily analogous to mathematical formulas. Most important, they are not analogous to natural laws just because both are expressed in formulaic languages. One must look to the content of the computer program and its potentially preemptive effect to determine patentability'). 39. Interestingly, this is also reflected in European case law. See eg the shift in German case law from the so-called 'Kerntheorie' and 'Technizität' approach (BGH, GRUR 1986, 531 'Flugkostenminimierung'), which had focused on the so-called 'technical character', to the so-called 'Gesamtcharakter der Erfindung' approach (BGH GRUR 2000, 498 'Logikverifikation' and BGH GUR 1992, 430 'Tauchcomputer'), which considers the 'entire character of the invention'. Part of the problem is that it could never be sufficiently defined what exactly a 'technical character' entails, although several attempts were made by the BGH, see eg 'Rote Taube', GRUR, 1969, 672 and 'Dispositionsprogramm', GRUR 1977, 96 (defining the word 'technical' as a teaching for an action according to a method by using controllable forces of nature for the causally surveyable achievement of a result which is without intermediary activity of the human mind the direct consequence of the use of controllable forces of nature approach of the Federal Circuit in the pending CLS Banking case 40 which will be heard later this year. That en banc panel will decide the following questions which may result in greater clarity:
(a) What test should the court adopt to determine whether a computer-implemented invention is a patent ineligible 'abstract idea'; and when, if ever, does the presence of a computer in a claim lend patent eligibility to an otherwise patent-ineligible idea? (b) In assessing patent eligibility under 35 U.S.C. § 101 of a computer-implemented invention, should it matter whether the invention is claimed as a method, system, or storage medium; and should such claims at times be considered equivalent for § 101 purposes?
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Considering these questions, it would, however, also appear unreasonable if claims could always be rendered patent-eligible simply because they also claim a complex application of a natural principle, correlation or abstract idea that cannot be carried out by using 'pen and paper '. 42 In that regard we also refer to Norman Siebrasse's notions. He has (prior to the US Supreme Court decision in Prometheus) argued that '[b]y consistently addressing subject matter exclusions in terms of the rule against abstract claims, the U.S. Supreme Court has used the wrong tool for the job and consequently, it has damaged the tool, and done a poor job'. 43 He notes that this was also pointed out in the lengthy concurrence by former Supreme Court Justice Stevens 44 in Bilski v Kappos. 45 Consequently, he asserts that the rule against fundamental principles, such as abstract claims, is an inadequate tool to determine patent-eligibility and that the patent-eligibility doctrine needs to be supplemented by additional exclusions of particular subject matter fields that are distinct. 46 Elaborating further on this approach, this would imply that claims on a biotechnological method which depends on biological correlations or business methods might very well withstand patent-eligibility challenges based on for example the Mooring' 63 Stan. L. Rev. 1289 1312-13 (2011) (urging that patents only be granted for 'technological arts' and that business models do not meet this criterion: 'There is no reason to believe that "business methods" have become a science or technology fitting the functional patent mold during the course of the past two centuries. Furthermore, the fact that business methods can be implemented on computers does not mean that courts cannot distinguish between advances in computer technology and the business methods that they implement', internal citations omitted). 42. Feldman, supra n 37 ('Thus, for example, an inventor could not save a claim to all uses of E = MC 2 by limiting the claim to 'all uses of E = MC 2 in the construction field. Sliding the analogy over to software, however, involves logical errors'). 43. Norman Siebrasse, 'The Rule Against Abstract Claims: A Critical Perspective on U.S. Jurisprudence' (2010) 27(3) C.I.P.R. 27-28 (2010), available at <http://papers.ssrn.com/sol3/ papers.cfm?abstract_id=1782747> (after having criticized the various approaches taken in Ultramercial and Dealertrack as being wrong: 'While Chief Judge Rader is right in his approach to the rule against abstract claims, which was distorted beyond recognition by the US Supreme Court in Benson and Flook, the US courts generally have been wrong to refuse to identify any limits on subject matter patentability other than that imposed by that rule'). exclusion of abstract claims or mental steps, since they are directed to a practical application. Such claims might, however, still be invalidated on the basis that they fall within an additional, separate category of subject matter excluded from patent eligibility. Whether business methods or specific biotechnological methods and products should actually fall within the categories of exclusion is a distinct question which follows from this framework. 47 One approach following from this line of thinking could of course be to explicitly exclude certain types of invention categories from patentability through congressional action as it was considered by Judge Moore. This might include business methods, genetic diagnostics or claims on isolated DNA sequences. 48 However, such static, technology specific exclusions would, in our view, pose considerable danger to the advances of emerging technologies and they should therefore be considered only if absolutely necessary and in the most extreme cases. 49 Moreover, the continuing debates concerning the explicit European exclusions from patentable subject matter 50 and the continuing discussion concerning Article 3, 5 and 6 of the Biotech Directives 51 demonstrate that legislative codifications alone do not solve these problems. We therefore believe that the future patent-eligibility doctrines should predominantly be based on a more flexible approach.
One of the more flexible tools that should be further elaborated to identify additional categories of patent-(in)eligible subject matter in compliance with the guidelines set forth by the Supreme Court in Prometheus requires a clarified and better articulated pre-emption inquiry. If carefully and plausibly applied, such a test could help to establish a reasonable patent-eligibility standard. 52 Ideally it should take effect in cases where a proper application of the basic patentability requirements would nevertheless Another questions is of course if patents, which are after all negative exclusionary rights, should be concerned with moral concerns that should be predominantly addressed by distinct legislation. Note finally that under Section 27 of the AIA, the USPTO is required to study effective ways to provide independent, confirming genetic diagnostic test activity where gene patents and exclusive licensing for primary genetic diagnostic tests exist. Standing on shaky ground 127 lead to inappropriate results. The primary goal of such an inquiry should be to guarantee an appropriate scope of protection for patents that involve the application of natural phenomena or abstract ideas.
The conundrum for identifying appropriate areas for protection lies in the reality that '[t]echnology is always and everywhere about utilizing natural phenomena and regularities to extract from Nature something which she does not willingly give us ' . 53 Such an inquiry should revolve around the following question: 'How may a process or method involving a natural phenomenon, fundamental principle or abstract idea be claimed in order to comply with §101?'
Here we also note the different evidentiary standards for granting and invalidating claims. While patent claim construction is exclusively within the Court's competence, 54 an issued patent is entitled to a statutory 55 presumption of validity which may only be overcome by 'clear and convincing evidence'. 56 Where, as in the case of new technology, the claims are highly technical, expert testimony should be presented to explain them. 57 But where a patentee seeks to overturn a USPTO rejection she continues to shoulder the burden of proving and explaining her claim and the Court may construe the language using only the evidence proffered at the PTO. Indeed, most of the Supreme Court precedents for patent-ineligible subject matter concern appeals from PTO rejections. 58 In our view, the failure in the Myriad I and II cases to hold proper claim construction hearings contributed substantially to the three judges ' 
62 it appears that the Supreme Court favours a patent-eligibility doctrine placed somewhere in between those extreme positions. This implies that the explicit prohibition of patents claiming natural phenomena must presumably include more than the mere patenting of natural phenomena per se, which would make it rather easy to circumvent the exclusions, but at the same time are less than categorical prohibitions of patents involving a well-defined practical utilization of a natural phenomenon, which would deny patents to most useful technologies.
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The decisive question is therefore how to define the metes and bounds of this 'middle-position'. One main criterion that would point towards patent-ineligibility of an asserted invention seems to be where the claims at issue effectively pre-empt all practical uses of a natural phenomenon or abstract idea. As described above, the District Courts, the Federal Circuit and the Supreme Court have regularly referred to this criterion to invalidate overly broad patent claims under § 101. In essence, it seems thus that at least two conditions would have to be fulfilled before patent claims can be rejected or successfully challenged under § 101 based on the argument that the claims encompass a natural phenomenon. First, the claims would have to involve a natural phenomenon or abstract idea, and, second, the claims would have to effectively pre-empt all practical applications of the identified natural phenomenon or abstract idea it relates to.
64
Since it appears extremely difficult to clearly define 'fundamental principles', such as principles of nature, natural phenomena, abstract ideas or mental processes, 65 The Impact of Bilski on Biotechnology', supra n 22 (stating 'Clearly Justice Breyer and the other dissenting justices in LabCorp saw its reach in much broader terms. The claim at issue in LabCorp was not directed towards the physiological correlation per se, but rather to a method that involves assaying the blood for total homocysteine level and using that information to diagnose the vitamin B deficiency. … Nonetheless, the court concluded that this process amounted to an impermissible attempt to claim the natural phenomenon itself'). 64. Ibid. 65. Due to lack of guidance in Bilski v Kappos and Prometheus and the split in Myriad I and II it is still not completely clear what exactly will constitute a true natural phenomenon in the context of patent-eligibility exclusions. Is it enough for eligibility that a natural process occurs as a Standing on shaky ground 129 particular effect of the patent-eligibility doctrine as articulated by the Supreme Court very much depends upon how the term 'effective pre-emption' is interpreted and applied by the courts. 66 The Supreme Court decision in Prometheus, as well as Myriad II provide some further guidelines for the pre-emption standard but eventually come back to the same place Bilski left us.
In any case, the lower courts will most likely continue to consider whether or not the claims at issue are limited to a particular use or transformation of a particular compound or sample. Under the Bilski and Prometheus principles (which will certainly soon be complemented by another Supreme Court decision in Myriad II) it can be presumed that claims including a well-defined limitation directed to the testing or transformation of a particular sample will be held patent-eligible, while claims broadly directed to pure diagnosis or analysis of data, in particular relating to what are basically mere data-gathering or post-solution steps, will not be patent-eligible.
In light of such an interpretation, we believe that the correctness of the Supreme Court's decision to invalidate the relevant claims in Prometheus is debatable. After all, it could still be claimed that the administering step in Prometheus was not simply data-gathering but an essential transformative element of Prometheus' claimed methods of a particular treatment sufficiently definite to confine the patent monopoly within rather definite bounds. Notwithstanding the Supreme Court's conclusions on the facts of the case, we believe there were good arguments for the view that Prometheus' claims do not 'wholly pre-empt' the use of correlations between metabolites of thiopurine drugs and their toxicity and efficacy. Instead, the claims utilize, not preempt, the correlations of natural processes in a series of specific steps that are arguably patent-eligible subject matter according to the statute. 67 Likewise, Myriad's claim 20 would also pass the 'pre-emption' test, since it was limited to a specific use in combination with a cell recombinantly engineered and modified by human intervention to express BRCA1. Thus, the claim cannot broadly prohibit scientists from screening for cancer therapeutics or from exploiting the 'scientific method' as such, and would thus not wholly pre-empt a natural phenomenon. 68 result of human intervention or should a natural process only be regarded as a true, and thus a patent-ineligible natural phenomenon if it occurs without any human intervention? In other words can a certain degree of human intervention and/or modification render a naturally occurring compound or process patentable? And, if so, exactly what level of human intervention is required to render a compound sufficiently distinct from its naturally occurring form and thus patentable? 66. Holman, supra n 63. 67. Ibid. , pointing out that characterizing the interaction of a non-naturally occurring molecule with the human body as a natural phenomenon simply because the interaction is governed by natural principles of chemistry and physiology is analogous to characterizing the interaction of an airplane with the atmosphere as a natural phenomenon just because the interaction of airplane with the air is governed by fundamental scientific principles (at 12). Holman also argues that if the interaction of a drug metabolite with the human body were to be treated as a natural phenomenon, this would logically mean that the interaction of drugs with the human body are generally natural phenomena, which would cast substantial doubt on the validity of many important drug patents (at 13 ff). Similarly, Myriad's claim 20 seems more to encompass a specific natural process that occurs as the result In contrast, the extremely broad claims in Myriad, Metabolite and Classen clearly do not withstand the pre-emption test. For example, Myriad's gene patent method claims broadly directed to the identification and comparative analysis of natural mutations in the BRCA genes failed the pre-emption test and were declared patent-ineligible, since they pre-empted any diagnostic use of the information regarding the mutations.
69 Similar arguments could be made in cases where a doctor has allegedly infringed patent claims by simply recognizing and thinking about a claimed biological correlation, such as in the LabCorp v Metabolite saga and in Classen. The claims at issue in LabCorp v Metabolite would fail the test since they would effectively pre-empt any practical method of exploiting a natural phenomenon, that is, the correlation between total homocysteine levels and vitamin B deficiency, and the claims in Classen since they sought to monopolize the process of discovery itself. In that context it seems important to note that although Classen's claims were limited to a single field, that is, immune disorders, they were, unlike Prometheus' claims, not confined to any more specific transformative treatment steps, drugs or even any specific chronic immune disorder. 70 In that regard, it could further be argued that the transformative steps in Classen's claims were indeed merely data gathering steps or insignificant post-solution activities that were not central to the real purpose of the claims, that is, to completely pre-empt and keep others from exploring the fundamental principle of the correlation between vaccination schedules and incidence of chronic immune diseases. 71 of human intervention and consequently it might be argued that is not a true natural phenomenon occurring absent human intervention. Moreover, if particular methods using cells modified by human intervention to screen for potential cancer treatment become unpatentable many other patent claims relating to biotechnology would be invalidated. It seems unlikely that a potential Supreme Court decision would so limit the protection of biotechnological inventions. 69. These claims improperly pre-empt the mental process of observing the existence of the mutation. One can compare two gene sequences without isolating DNA, for example, if the DNA sequencing and analysis had been accomplished and reported by someone else and this sequence is compared to another. Myriad obtained overly broad method claims, unlimited by any physical analysis step, and the decision to hold them being patent-ineligible was therefore correct, cf Holman, supra n 63 (stressing that Myriad's unsuccessful argument for a narrower interpretation was an ex post litigation argument in an attempt to save them, adding: 'Whether or not this is the right outcome, I think it is consistent with current Federal Circuit case law, particularly Prometheus and Bilski, although perhaps this will change after the Supreme Court decides Bilski. In Prometheus, the Federal Circuit stated that the "mental step" of observing a level of drug metabolites indicating a need to adjust the amount of drug subsequently administered is patent ineligible, which I think implies that a claim that would be infringed by merely "comparing" two DNA sequences would likewise be patent ineligible'). 70. The '139 and '739 claims in Classen were -unlike the claims in Prometheus -broadly directed to general methods for scheduling and conducting all types of immunizations without more precise specifications. The '283 claim was even broader since it did not include the subsequent step of selecting an immunization schedule. See also Judge Moore in Classen Immunotherapies, Inc. v Biogen IDEC, 659 F.3d 1057, 1076 (Fed. Cir. 2011) (noting that 'the Prometheus court concluded that the claims, which were drawn to the administration of specific drugs providing 6-thioguanine to a subject and then measuring specific metabolites, do not preempt broadly the use of any natural correlation, but rather recite specific treatment steps with specific drugs. 628 F.3d at 1355. None of this analysis exists in the majority opinion here in Classen. There is no consideration of the extent of preemption by these staggeringly broad and abstract claims'). 71. Ibid.
Standing on shaky ground 131
A specific challenge to the eligibility question for genes is whether the courts should utilize a general or specific patentable subject matter theory for product claims on isolated DNA and proteins. The choice will determine whether a decision has implications for general patenting in biotechnology. 72 It is evident that the Supreme Court in Prometheus could not provide sufficient answers to that question, since it focused on method claims. For Myriad I and II, perhaps one of the most essential additional issues will be to determine how far biological substances would have to be modified through human intervention to warrant product claims. As we have analysed above, the current split at the Federal Circuit leaves many questions unresolved and could potentially have a great impact on biopharmaceutical patenting. A potential Supreme Court review would require further explanation of the 'unfortunate' language in Myriad II that distinguishes between 'isolated' and 'purified' products.
Moreover, it must be clarified to what extent isolated DNA corresponding to a naturally occurring gene, or even 'synthesized' DNA molecules, must be modified in order for it to become patent eligible under § 101. 73 In particular, it seems extremely difficult to define the precise meaning of 'markedly different characteristics' and what exactly this entails for multifunctional biotechnological inventions. 74 If a strict test is adopted this would probably mean that to be patentable an invention must have acquired a 'markedly different utility' from naturally occurring sequences through human intervention. This would probably only permit the patenting of either isolated cDNA that can be used for a different purpose than the corresponding genomic sequence, or of other synthetic DNA or protein molecules that have been modified to such an extent that they have a different (or improved?) utility. Due to patent law's general neutrality, and depending on how 'different' is interpreted (are improved qualities enough?), this might also imply that many pharmaceutical patents could be called into question. A more lenient test would simply require a 'markedly different chemical structure'. Strictly applied it might mean that both genomic and cDNA will not be considered to be sufficiently different from naturally occurring DNA to warrant patent protection, yet it could also mean that only isolated genomic DNA would be excluded or -considering Judge Lourie's very permissive covalent bond test -that both isolated genomic and cDNA would pass the test.
To sum up, it is evident that many details concerning the necessary level of human intervention or the precise interpretation of the pre-emption standard will still have to 72 . Eileen Kane, infra n 77 (adding that this 'illustrates how the technological neutrality of patent law causes doctrines that originate from one technical field to influence judicial review in an unrelated field'). 73. Cf Andrew W Torrance, 'Synthesizing Law for Synthetic Biology' (2010) 11 Minn. J. L. Sci. & Tech. 629, 641-2 (adding: 'What is certain is that this stunning court decision has focused intense interest on the potential synthetic biology holds for designing genes unlike those "found in nature". The promise of synthetic biology represents an important new pathway to obtaining patent rights that successfully claim DNA'). be clarified and it is equally clear that, ultimately, much will depend on how the lower courts and the Supreme Court -hopefully in Myriad II -will carry out these inquiries. However, it appears as if a reasonable application of the human intervention standard enunciated by Chakrabarty, distinguishing between phenomena that occur as the result of human intervention and natural phenomena that occur absent human intervention might, in combination with a properly applied pre-emption standard, lead to fairly balanced results. In particular, it provides the courts with a convenient doctrine with which claims covering specific diagnostic methods and targeted applications of more effective (personalized) drugs, which most stakeholders would accept as deserving patent protection, may be held valid. 75 On the other hand, courts would also have the means to invalidate overly broad claims that stray from claiming the effects of inventive human intervention into pre-empting the realm of naturally occurring biological phenomena. 76 For good reason such claims have been the main source of public policy concerns. Their invalidation would most likely increase the public understanding of what protecting specifically useful inventions is all about and thus hopefully strengthen public trust in the patent system. 75 . Cf Holman, supra n 63 (adding that patent ineligibility based on pre-emption of a natural phenomenon could either have little impact on such patent claims, or if interpreted more restrictively, could constitute a new substantial obstacle to broad patent claims such as those at issue in Prometheus, and Classen in the ACLU patent lawsuit. In that context he notes with regard to the LabCorp v Metabolite claims that 'one could alternatively find that since the claim has no impact on the correlation as it exists and functions naturally in the human body, the phenomenon is not entirely preempted by the claim'. He further points out that a court that applies a less restrictive interpretation of the pre-emption might stress that Myriad's gene patent method claims do not cover the mutations as they exist in nature nor the effect of changes in the BRCA sequence on human physiology, and might thus conclude that the claim does not preempt the natural phenomenon). 76. Once again, similar arguments could be made in the computer and software context, see Feldman, supra n 37 ('As described earlier, the term "algorithm" in computer science means a series of steps performed on input data by a computer. This process may or may not raise preemption concerns. Some computer 'algorithms' are based on properties inherent in types of input and output data. Such broad, generic algorithms, which can be used on a variety of types of input data, may raise threats of preemption. In other words, if an inventor asks for a patent on a software program that works with whole sets of numbers or entire types of data, such a patent would not be patentable subject matter. Particularly in light of the bargaining potential that would come with such a grant, the patent would risk tying up entire types of data rather than constituting something applied. This does not mean that all software is unpatentable. Claims to programs that are applied to a specific type of data in the pursuit of particular types of outputs do not present the same level of preemption threat. For example, a personalized medicine algorithm (i.e., series of steps) that employs a specific type of statistical model using a fixed set of markers to produce a very specific diagnosis would not threaten to preempt other methods of performing the same diagnosis that use different markers or novel types of statistical models. Such an invention should be patentable. Computer programs may be many things, including methods of creating useful models of the world around us, methods of providing interpretations of information, and methods of sorting information. When methods of creating a particular type of model are described at a very general level, they may threaten to preempt the broad activity of exploration. However, when claimed at the level of a specific method of sorting a particular type of information for a particular pursuit, they should constitute an applied invention. Such specificity is the hallmark of what separates unpatentable abstractions from applications of those abstractions in the useful arts in a way that is worthy of patent protection').
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7.2 Mitigating effects of strictly applied patentability requirements, technological advances and post-grant mechanisms
The US Supreme Court and the Federal Circuit now have an opportunity to refine the set of legal instruments for addressing this debate and assessing the patent-eligibility of cutting-edge biotechnological and genetic sciences. Ideally this might resolve some of the eligibility controversies for the benefit of scientific progress, without losing sight of scientists, medical practitioners and patients who wish to use isolated genes and genetic correlations in research and medical care. 77 The resolution of eligibility for genes has implications for the patenting of other bio-molecules, while the resolution of the eligibility of genetic testing methods has implications for the contours of the pre-emption analysis as applied to subject matter in the life and physical sciences, including such scientific sectors as nanotechnology. 78 While it is important that the patent-eligibility doctrine be further clarified in order to establish reasonable legal certainty, it is also clear that any future Supreme Court judgment should take great care not to categorically close the patent-eligibility door. Although patent-eligibility should not be conflated with patentability requirements, we believe that a sound policy decision can only be achieved if the Supreme Court and lower courts sufficiently consider the checks and balances that have been incorporated into the patent system on both the post and pre-grant level. This includes inter alia the mitigating effects of other patentability requirements, such as novelty, obviousness, utility and sufficient disclosure.
Recent developments demonstrate that a more restrictive application of these criteria contributes either directly or indirectly to limiting the scope of protection for many biotechnological inventions. This, in turn, helps to avoid patent claims effectively preempting any application of 'fundamental principles' or 'natural phenomena'. 79 The completion of the Human Genome Project and the rapid growth of similar databases focusing on DNA/protein structures and functions have, for example, made it much more difficult for many biotechnological inventions to meet the novelty requirement. Moreover, the increasing predictability of some scientific steps involved in molecular biology, in combination with the establishment of a lower threshold for obviousness by KSR v Teleflex, has led to a situation where it is often not enough for a patent to simply isolate naturally occurring biological sequences, such as in the form of cDNA. 80 The improved predictability of these processes, especially in the field of synthetic biology, 81 employs standardized techniques and processes, many of which are maintained by standard-setting institutions 82 to create these 'made to order' DNA molecules and processes.
The focus of patent activity is thus steadily shifting to truly inventive modifications and applications that are limited to claims on various unexpected functions 83 and methodological uses of biological subject matter. 84 Stricter application of the utility requirement guarantees that these functions must be truly understood and elucidated and that they should have a specific, substantial and credible 'real-world' use. 85 Inventions that meet those criteria must also be sufficiently disclosed in accordance with 35 U.S.C. §112's criteria which require inter alia that the claims point out and distinctly claim the invention's subject matter and specify the limitation of such subject matter. 86 Further, the increasing sophistication of techniques used in modern biotechnology has now made it possible to efficiently and more accurately modify DNA and protein 82. These include, inter alia, 'Open Source' institutions such as the BioBricks Foundation ('BBF'), the International Genetically Engineered Machine Foundation ('iGEM'), the Registry of Standard Biological Parts ('Registry'), the Synthetic Biology Engineering Research Center ('SynBERC'), BIOFAB: International Open Facility Advancing Biotechnology ('BIOFAB'), and the Synthetic Biology Open Language ('SBOL') Team. See also Torrance and Kahl, supra n 81, and Andrew W Torrance, 'Planted Obsolescence: Synagriculture and the Law' (2012) 48 Idaho L. Rev. 321, 341-5 (discussion of open synthetic biology institutions). 83. Since the inventiveness of full product claims might still be based on unexpected functions, it will be important to establish a rather high threshold for 'truly' unexpected functions. Only then will the patent protection correspond to the inventor's actual contribution to the state of the art. Technical developments increasing predictability would guarantee that it will become more difficult to prove truly unexpected functions. Also the threshold for accepting evidence for such functions after the filing date should be set at a high level. 84. Cf. Michael M Hopkins, Surya Mahdi, Pari Patel and Sandy M. Thomas, 'DNA Patenting: the End of an Era?' (2007) 25 Nature Biotechnology 185, 187 (noting that both in the US and Europe it has become more difficult to patent research tools including DNA fragments such as ESTs and adding: 'On future strategies, some interviewees indicated that they will now focus on new uses for known rather than novel sequences, with applications now likely to require greater preparation and more biological data to support narrower claims. Diagnostic/prognostic tests based on gene expression profiling or single nucleotide polymorphisms (SNPs), and therapeutics based on RNA interference were identified as new areas for patenting, although doubts were expressed by a minority over the likelihood of such inventions obtaining satisfactory patent protection …'. Thus it can be argued that the focus seems to shift from upstream research tools to downstream applications). Yet, many of these functions might be old or obvious due to the increasing predictability of molecular biology, cf Benjamin Roin, 'Unpatentable Drugs and the Standards of Patentability' (2009) 87 Tex. L. Rev. 503-70 (discussing alternative forms of protection for old or obvious compounds with a high pharmaceutical potential). 85. In re Fisher, 421 F.3d 1365 (Fed. Cir. 2005) (the Federal Circuit held that any invention must have both a substantial ('an asserted use must show that the claimed invention has a significant and presently available benefit to the public') and specific utility ('an application must disclose a use which is not so vague to be meaningless' and 'an asserted use must [ ] show that the claimed invention can be used to provide a well-defined and particular benefit to the public'). Cf 2001 USPTO examination Guidelines. In Europe the use must 'merely' be plausible at the time of the application, cf Minssen and Nilsson, infra n 111. sequences through human intervention and adapt their structure to very specific uses. The creation of synthetically produced DNA using standardized processes clearly affects their patentability without the same recourse to philosophical analyses of products of nature or natural phenomena. Since these modifications are rather different from naturally occurring sequences and involve more human intervention than the mere isolation of cDNA, such synthetic compounds would probably meet the majority standard set in Myriad I and II.
87 It is not entirely clear, however, exactly what level of human intervention and difference from naturally occurring sequences is required under the current Myriad standard.
Another factor that will presumably contribute to the diminished relevance of firstgeneration product patents on isolated cDNA sequences, such as Myriad's early BRCA patents, relates to the increasing understanding of epigenetic mechanisms, such as DNA methylation, histone modification, or related mechanisms, such as RNA interference.
88 Recent research has led to a much better understanding of how these mechanisms control the interplay of genetic information and activate or deactivate specific DNA sequences at various stages. Of particular interest is that epigenetic changes can be inherited, but unlike mutations of the base structure in DNA sequences, epigenetic changes of gene expression can also be more easily reversed through medication. It is therefore widely believed that epigenetic science will provide the key for many new individualized pharmaceuticals. Moreover, these new insights imply that singular isolated DNA sequences are only of very limited value to finding cures for many diseases. 89 More important is discovering how the genome and the genetic code are orchestrated and to what extent environmental factors can influence gene expression. The research focus of the industry is therefore shifting from the study of single DNA sequence mutations towards elucidating how epigenetic mechanisms work and may be manipulated. 90 As a result the new science of pharmaco-epigenomics is flourishing.
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While advances in epigenetics and the increasing insights about the complex interaction of genes and the environment will create new legal challenges and many 87 . See Torrance, Synthesizing Law for Synthetic Biology, supra n 73, 641-2, 649 (pointing out that the recent uncertainty regarding the patentability of isolated human genes is likely to raise the prospective value of synthetic genes. He also highlights the suitability and increasing importance of alternative forms of protection for such sequences such as 'synthetic gene copyrights' and 'synthetic gene trademarks'). mysteries relating to genes or proteins might not necessarily be solved nor explained by epigenetics, 92 it can nevertheless be assumed that most DNA or protein-related patents of the second or third generation do not pose the same difficulties in separating patentable subject matter from mere discoveries of natural phenomena. 93 Although most of these technologies will still rely on the utilization of natural processes, such as the genetic code, the focus will most likely be on specific functions of subject matter manipulated by human intervention that will not essentially pre-empt all applications of a fundamental principle.
Last but not least, it should be remembered that most of the perhaps overly broad patents that were granted in the early days of the biotechnological revolution have now expired or are about to expire. Due to legislative and procedural changes it has also become easier to attack overly broad product claims during patent litigation. As a result many (bio-) pharmaceutical inventions have fallen -or will soon fall -from the 'patent cliff'. This forces the pharmaceutical industry to seek new business models. Since the necessary activities should, ideally, not be merely restricted to 're-inventing' essentially old products and concepts, it will be important to provide appropriate incentives 94 for both upstream inventions and downstream innovation. Particularly in the complex field of biopharmaceutical innovation, which is not always easy to 'reproduce' (eg in the case of 'biosimilars') and depends on a very particular knowhow, this would also require a closer look at the pre-emptive effects of alternative forms of protection that could inter alia be provided by regulatory data-or marketexclusivities periods, a prize system or trade secrets.
Concerning trade secrets, it has been pointed out that 'the confidentiality of information deserves to be recognized as one of the key legal problems of our age', 95 and in the foreword to the second edition of Gurry on Breach of Confidence, 96 Francis Gurry points out that conflicts over confidential information are increasing in a wide 93. Judge Dyke recently examined the history of the patent statutes' term 'discovery' holding that it has long had an established meaning in the sense that it required the use of some form of inventive facility in addition to its being new, ie that the shape or form in which it is produced shall not have been known previously, in addition to the requirement that it be useful. In re Beineke, 690 F.3d 1344, 1349 (2012) (citing and quoting Thompson v Boisselier, 114 U.S. 1, 11 (1885)). 94. These are arguably not only dependent on patents but also on trade secrets, regulatory exclusivities, better approval pathways and more efficient clinical trials, new models of publicprivate co-operation, etc. Moreover, one could discuss more governmental involvement. These factors will presumably become more significant. Yet, it can still be assumed that patents will remain the life-blood of the (bio)pharmaceutical industry. range of areas since 'technology has made information precarious'. In their introductory remarks, the co-authors emphasize the far-reaching consequences of rules on confidence, noting that:
… confidentiality is a legal concept which is of serious, and almost certainly increasing, importance. Confidentiality is a critical tool in the regulation of the dissemination of ideas and information, and as such plays a key role in determining the boundary between 'openness' and 'secrecy'. The work of the law of confidentiality thus has an impact upon personal autonomy, economic mobility, political transparency (and thus accountability), open justice, as well as innovation, competition, and economic prosperity. 97 Interestingly, the body of knowledge already in Myriad's proprietary database of clinical information is probably protectable as a trade secret, 98 or, at least in Europe, under the EU Database Directive.
99 While Myriad's method claims were held patentineligible and are accordingly in the public domain, its clinical database obtained while the claim remained valid is not, despite calls and recommendations for its release.
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This is just another indicator of the increasing importance of the protection of confidential information and demonstrates how this form of protection may influence biomedical innovation. In that context it seems important to consider that a decrease of biomedical compounds and methods that may be protected by patents as patentable subject matter, could very well lead to greater protection of confidential information and secrecy in private business with potentially negative effects on innovation.
A remaining need for coherent and predictable principles in Europe and the US
In light of the above described developments, any further Supreme Court review addressing patent-eligibility should complement its Prometheus judgment with clarifications that 'leave the door open' for emerging technologies. The Court would be well advised not to establish an overly restrictive patent-eligibility doctrine that categorically excludes otherwise patentable inventions involving certain biotechnological products and diagnostic methods. Although a better articulated rationale for patent exclusions is needed and the concerns of the scientific community concerning overly 97. Gurry on Breach of Confidence, supra n 96, para 124. See also Sundara Rajan, supra n 95 (adding that: 'Yet, as this book demonstrates, the law on breach of confidence is far from straightforward. The complexity of this area of the law owes itself to at least two important factors. First, the legal rules on breach of confidence are derived from diverse sources, both ancient and modern, leading to challenges in locating, articulating, and applying the law. Secondly, the fact that confidential information arises in so many contexts leads to an overlap between the legal principles on confidence and a wide variety of related legal regimes. Accordingly, an understanding of confidence may depend on the ability to work simultaneously within different legal and conceptual frameworks. For example, confidentiality in the context of intellectual property rights can mean something quite different from the confidentiality of state secrets'). 100. Robert Cook-Deegan, supra n 98 at p 2, noting inter alia recommendations in two reports to the National Academies.
broad and too early granted product or method patents that might impede scientific progress must be taken seriously, it seems indeed a better way forward to focus on a strict application of the other patentability criteria and to further develop reasonable post grant mechanisms to alleviate potential conflicts that might still occur. 101 Moreover, if one focuses inter alia on pre-emption of laws of nature and natural phenomena as the primary concern it seems as if extreme solutions for many patent-eligibility problems can be avoided. 102 This, however, requires a wise elaboration of this doctrine, which should carefully take into account the complex mechanisms and factors that drive innovation.
Considering the technological advances and the specific impact of a strict application of patent criteria on the category of claims typically applied for and granted, it seems as if the open questions concerning the patentability of biotechnological processes and diagnostic methods present one of the most relevant issues. The trend to personalized medicine and the growing commercial value of biopharmaceutical process and method patents will most likely stir creative minds to challenge them as mere claims to natural phenomena or abstract ideas under the principles established by the Supreme Court in Bilski and Prometheus. Our study of the inconsistent postBilski Federal Circuit case law and the questions still left open by the subsequent Supreme Court decision in Prometheus demonstrates that it is now of uttermost importance how the Federal Circuit elaborates, refines and applies the patent-eligibility inquires to various field of technology. Without a workable rationale, lower courts will continue to feel like Alice down the rabbit hole when presented with a fountain of challenges to the subject matter patentability of method claims that depend upon the utilization of natural phenomena, such as the genetic code or principles of metabolic transformation.
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Concerning DNA-related products claims, Prometheus has simply kicked these cans down the road and it remains to be seen whether or not a Supreme Court decision in Myriad II will introduce further fundamental changes to patent law and the patenteligibility of biotech-related product claims. In any case the Court will have to think about how to harmonize exceptions to patent-eligibility under the Patent Statute with the rationale set forth in the Patent Clause of the US Constitution: 'To promote the Progress of Science and useful Arts …'. Particularly for the US, this remains mostly 101. As for post-grant mechanisms this might include research exemptions, compulsory licensing or a more stringent application of concepts relating to competition law. Concerning further postgrant alternatives for dealing with gene patents cf. Geertrui Van Overwalle (ed), Gene Patents and Collaborative Licensing Models: Patent Pools, Clearinghouses, Open Source Models and Liability Regimes (Cambridge University Press, Cambridge 2009) (a collection of articles of more than 30 contributors focusing on striking the right balance between the positive and negative aspects of both the patent monopoly and the weapons that are developed to combat it). But see Allen Yu, 'Subject Matter Eligibility -the Disease and the Cure' (2010) Blog Express O, available at <http://works.bepress.com/allen_yu/1> (arguing that it is insufficient to rely on further patentability criteria). 102. Cf. Feldman, supra n. 37 (noting '[t]he Federal Circuit's decision in Prometheus seemed to suggest that most life science inventions would satisfy the requirements of patentable subject matter, while the PTO's application of Prometheus could lead to the rejection of numerous inventions in this arena. Neither extreme is necessary if one focuses on preemption of laws of nature and natural phenomena as the primary concern'). not only led to numerous high-profile decisions on patent eligibility, 110 but also to a heightened 'plausibility' threshold for demonstrating inventive step, industrial application and sufficient disclosure in patent applications. 111 In addition the European debates resulted in differing national implementations of the Biotech Directive. 112 While it seems impossible to achieve static legal certainty in high-tech patenting and avoid all its inherent problems without risking technological progress, continual comparative study of developments on both sides of the Atlantic should aid in identifying reasonable utilitarian compromises that can narrow the parameters within which the patent pendulum will continue to swing. In any case it is evident that a Supreme Court review of Myriad II could have a significant influence on the ongoing European debate, 113 in particular when considering the potential impact of future CJEU rulings, however, may create particular challenges for claims involving breakthroughs in life sciences absent the discipline provided by evidentiary inquiries into complex scientific new scientific areas and the special vocabulary used to delineate claims in a new field. Third, the Court may opt for the lighter touch of reformulating established principles through modifying existing linguistic rubrics. Unfortunately, that may not be sufficient to guide practitioners, the PTO and lower courts in how to apply old chestnuts to new, not well understood fields. Only the passage of time will reveal the Supreme Court's approach. We will closely follow these events in the next issues of this journal.
